The cells of yeast and other unicellular organisms only communicate with each other in a limited way, largely to detect possible mating partners. Not so in higher organisms, where cells communicate extensively, both for shaping the organism during development and for coordinating the activities of the specialized cells and tissues of the adult. Despite this complexity, relatively few basic types of receptor and signal transduction systems seem to exist in animals, with each exploited in a multitude of forms. The appearance of each communication system must, therefore, have been a significant evolutionary event.
Budding yeast, Saccharomyces cerevisiae, has G-proteincoupled receptors, mitogen-activated protein (MAP) kinase cascades, cAMP-dependent protein kinase, histidine kinases and various other conserved protein kinases. But yeast is believed to lack nuclear receptors, though these are found in such simple multicellular organisms as hydra [1] . And we know from its complete genome sequence that yeast also lacks true tyrosine kinases [2] , though tyrosine phosphorylation by mixed function kinases, such as MAP kinase kinases, does occur. Presumably, true tyrosine kinases appeared after the divergence of yeast and animals, perhaps as multicellularity emerged.
The recent discovery of a member of the 'signal transducers and activators of transcription' (STAT) family in the slime mold Dictyostelium discoideum [3] is therefore significant in several ways. It indicates that tyrosine phosphate signalling, through phosphotyrosine-binding Src homology 2 (SH2) domains, appeared at the dawn of multicellular evolution; it adds to other work suggesting a revision of the place of Dictyostelium in the phylogenetic tree; and it is an important step towards understanding an unusual communication system, used during Dictyostelium development to control stalk cell formation.
Dictyostelium is multicellular for only part of its life cycle. It grows on bacteria as separate amoebae, which aggregate when starved, to form a slug of up to 10 5 cells and eventually a fruiting body consisting of a stalk supporting a globule of spores. The slug is organized into distinct prestalk and prespore zones and is motile -it can move towards light, or up and down temperature gradients, in search of the ideal place to make a fruiting body. Much of this behaviour is controlled by propagated waves of extracellular cAMP, which are detected by conventional Gprotein-coupled receptors and transduced into the cell by means that are becoming well understood.
DIF-1 signalling
DIF-1 was discovered as a factor released by developing Dictyostelium amoebae that can induce isolated cells to differentiate into mature stalk cells in the presence of cAMP. On this basis, DIF-1 was purified, identified and synthesized [4] ; it turns out to be a chlorinated alkyl phenone, as shown in Figure 1 . It has been known for more than 10 years that DIF-1 controls cell fate. Isolated amoebae can be induced to form spores in suitable conditions, but when DIF-1 is added, they differentiate into stalk cells instead; likewise, DIF-1 induces transcription of prestalk genes and suppresses transcription of prespore genes. The two best-studied prestalk genes, ecmA and ecmB, both encode extra-cellular matrix proteins and have complex promoters, with elements that direct expression in different subtypes of prestalk cell.
Work in Jeff Williams' laboratory has gradually narrowed down the DIF-1-responsive promoter elements. When a 53 nucleotide fragment of the ecmA promoter is multimerized, combined with an 'efficiency' element (believed to be non-specific) and attached to a basal promoter, it confers DIF-1-inducibility on a lacZ reporter gene [5] . This fragment contains a direct repeat of the sequence TTGA, which mutation shows is essential for activity. The ecmB promoter contains a different type of element, which restricts expression until late in development; this repressor element has the same TTGA sequence, but as an inverted repeat [6] . It was therefore postulated that the protein binding to TTGA acts as a transcriptional activator on a direct repeat and a repressor on an inverted repeat.
The protein binding to the 53 nucleotide promoter sequence was purified by DNA affinity chromatography, sequenced, and the corresponding gene cloned [3] . The sequence showed clear homology to mammalian STATs. STATs were first discovered as mediators of interferoninduced transcription [7] and contain an amino-terminal DNA-binding domain, a carboxy-terminal SH2 domain and a phosphorylatable tyrosine. STATs become active by phosphorylation of this tyrosine, in the case of interferon stimulation by a Janus kinase (Jak). Phosphorylation allows the STATs to dimerize -by mutual SH2-phosphotyrosine interactions -translocate to the nucleus and bind to their target sequences.
The Dictyostelium STAT protein is phosphorylated on tyrosine in vivo, and confirmation that it binds DNA as a dimer (like other STATs) comes from an experiment in which binding of the purified protein to DNA -detected as a band shift on a gel -is blocked by a carboxy-terminal peptide that contains the phosphorylatable tyrosine. This peptide is only inhibitory when phosphorylated, presumably because only then does it bind to the SH2 domains of the STAT and prevent dimerization. The STAT protein binds both the activating oligonucleotide from the ecmA promoter and the inhibitory one from the ecmB promoter. As if to emphasize universality, it also binds an interferon response element from mammalian cells.
Although this work is an important step toward understanding the DIF-1 signal transduction pathway, it has not yet been possible to show by genetic means that the STAT protein is essential for DIF-1-responsiveness. Attempts to knock-out the STAT gene have failed thus far, which could mean that it is an essential gene. This is puzzling, if the STAT is solely dedicated to DIFsignalling, as there is no sign that DIF-1 is essential for cell growth (for instance, little, if any, DIF-1 is present during growth). So the STAT protein may have functions additional to those related to DIF-1. The only candidate DIF-1 receptor known to date is a soluble protein, present in the nucleus and cytoplasm and, to this extent, similar to nuclear receptors [8] ; it is therefore interesting to note that STATs can form productive heterodimers with nuclear receptors [9] .
Even before the discovery of Dictyostelium STAT, the importance of tyrosine phosphorylation was well established in Dictyostelium. A number of tyrosine-phosphorylated proteins can be detected on gels and three tyrosine phosphatases and four tyrosine kinases have been cloned [10] . It thus seems clear that Dictyostelium must use quite extensive regulatory systems based on phosphotyrosine and SH2 domains.
The phylogenetic place of Dictyostelium
Phylogenies based on ribosomal DNA sequences place Dictyostelium as one of the deeper branches of the eukaryotic tree, well below the crown group of plants, animals and fungi. This assignment must surely now be wrong. The Dictyostelium genome has an extreme A/T bias, for reasons that are not known, and this is likely to bias any sequence-based phylogeny. Bias may be especially severe for a ribosomal DNA phylogeny, where the main constraints on sequence changes are the requirement to form secondary structure, and for this purpose an A-T base pair may often substitute for a G-C one. Coding sequences should be more constrained, and several independent phylogenies based on proteins, such as actin and EF-1α, place Dictyostelium in the crown group of eukaryotes, although probably still further than yeast from animals [11] .
Although incommensurable with sequence-based phylogenies, the existence of phosphotyrosine/SH2-based signalling in Dictyostelium suggests that this slime mold is, in fact, closer to higher animals than is yeast. Alternatively, something complicated must have happened, such as gene loss by yeast, or horizontal transfer to Dictyostelium. Time, and more sequences, will tell. The structure of DIF-1 and its effects on the differentiation of Dictyostelium cells in culture. DIF-1 is released during development and can induce stalk cell differentiation at nanomolar concentrations. Cells that are cultured in a simple salts medium are induced to differentiate into spore cells by BrcAMP (a cAMP analogue that penetrates the plasma membrane and activates cAMP-dependent protein kinase); when DIF-1 is added to such cells they differentiate into stalk cells instead. 
